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© Multifunction ground plane. 



© A multifunction ground plane for an electrical 
device such as an integrated circuit (11) is provided 
by a plurality of conductors (14) each having one 
end thereof adapted to be coupled to the electrical 
.device (11) with a ground plane (20) adjacent and 
electrically isolated (16) from said plurality of con- 
ductors (14). The ground plane (20) includes a plu- 
rality of electrically isolated portions (21) each of 
which can be coupled to the electrical device (11) to 
provide operating potential (V) and/or signals thereto 
or therefrom. The isolated ground plane portions (21) 
have an impedance less than that of the electrical 
conductors (14) and provide an alternate means for 
connecting operating potential® (V) and/or operating 
signals to and from the electrical device (11) while 
still functioning as a ground plane for the electrical 
conductors (14). 
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MULTIFUNCTION GROUND PLANE 



Background of the Invention 



This invention relates to a ground plane for a 
plurality of associated electrical conductors with the 5 
ground plane comprising a plurality of isolated seg- 
ments to provide alternate conductors having a 
lower impedance than the associated plurality of 
conductors. More specifically, the present invention 
relates to a ground plane for a plurality of conduc- w 
tors coupled to an electrical device such as an 
integrated circuit, wherein the ground plane con- 
tains a plurality of isolated portions that provide 
lower impedance conductive paths to the integrat- 
ed circuit. 15 

As the complexity of electrical devices such as 
integrated circuits increase, while the size of the 
components thereon correspondingly decreases, 
the number of electrical conductors or leads con- 
nected or coupled to the integrated circuit to en- 20 
able operation of the integrated circuit increase in 
number and correspondingly decrease in size. For 
example, at this time it is very common that an 
integrated circuit will have hundreds of conductors 
or leads connected thereto and typically these are 25 
no more than about one-half mil thick, about two 
mils in width, with about two mils spacing there- 
between. These small conductors have a consider- 
able impedance such that a significant voltage drop 
takes place along the length of the conductors that 30 
supply operating power to the integrated circuit. 
Further, variations of the DC operating current cre- 
ates switching noise due to the high impedance of 
these conductors. Additionally, the capacitive cou- 
pling between these conductors causes cross talk 35 
on the signal lines going to and from the integrated 
circuit. Heretofore in the prior art a ground plane 
associated with the plurality of conductors has 
been used to reduce the capacitive coupling be- 
tween the conductors to reduce cross talk on the 40 
signal lines. This ground plane has also been used 
as a conductor for one side of the DC supply used 
to power the integrated circuit. 

Summary of the Invention 45 



A multifunction ground plane in accordance 
with the present invention is obtained by a ground 
plane associated with a plurality of conductors and so 
comprises a plurality of electrically isolated seg- 
ments or portions. The plurality of conductors are 
connected or coupled at one end thereof to an 
electrical device such as an integrated circuit. By 
selectively electrically connecting certain ones of 



the conductors to selected ones of the isolated 
portions of the ground plane, lower impedance 
paths are provided for applying operating power to 
the integrated circuit as well as providing lower 
impedance paths for applying signals to or obtain- 
ing signals from the integrated circuit, in addition to 
providing lower impedance paths to and from the 
integrated circuit, the segmented ground plane also 
performs the function of a ground plane for the 
plurality of associated electrical conductors. 

Brief Description of the Drawing 

FIG. 1 is an exploded isometric view of a ground 
plane electrical conductor assembly in accor- 
dance with the present invention; and 
FIG. 2 is a logic representation of impedance 
paths provided by the ground plane-conductor 
assembly of the present invention. 

Detailed Description of the Invention 

Referring now to FIG. 1, there is shown an 
electrical, device such as an integrated circuit 11. 
The integrated circuit 11 is generally a planar de- 
vice having a plurality of connector pads 13 around 
the periphery thereof which allow operating power 
15 to be applied thereto and to allow operating 
signals to be applied to and obtained from the 
integrated circuit 1 1 Surrounding the integrated cir- 
cuit 11 are a plurality of electrical conductors 14. 
The ends of the conductors 14 adjacent the in- 
tegrated circuit 11 are coupled to the pads 13 by 
any number of well known means. For example, 
the ends of the conductors 14 may be directly 
connected to the pads 13 by means of temperature 
and/or pressure in accordance with any number of 
well known processes. Additionally, the ends of the 
conductors 14 may be coupled to the pads 13 by 
way of thin wires (not shown) in accordance with 
well known techniques. The ends of the conductors 

14 remote from the integrated circuit 11 may ex- 
tend to a metallic leadframe (not shown), may 
extend to and be part of a tape automated bonding 
(TAB) assembly, may extend to and be part of a 
well known pin grid array (PGA) assembly, may be 
part of a multichip assembly, or any number of 
other well known connector and/or packaging tech- 
niques for electrically coupling to an integrated 
circuit. Because of the small physical size of the 
electrical conductors 14, they represent a signifi- 
cant impedance to operating potential and current 

15 applied to the integrated circuit 11 causing an 
undesirable voltage drop along the length of the 
conductors 14. Additionally, capacitive coupling be- 
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tween the conductors 14 causes cross talk on the 
conductors 14 which apply signals to and/or derive 
signals from the integrated circuit 11. Further, the 
impedance of the conductors 14 create switching 
noise when the DC operating current 15 applied to 
the integrated circuit 1 1 varies. 

The capacitive cross coupling between the 
conductors 14 can be reduced by a ground plane 
20 which also surrounds the integrated circuit 11 
and is located adjacent the plurality of conductors 
14 Heretofore in the prior art this ground plane 20 
was a unitary piece of electrically conductive ma- 
terial. This ground plane 20 reduced cross talk on 
the electrical conductors 14 used for signal lines 
and also sometime served as a return for one of 
the terminal of the operating potential 15 applied to 
the integrated circuit 11. 

In accordance with the present invention the 
ground plane 20 is comprised of a plurality of 
electrically isolated portions 21. These isolated por- 
tions 21 have a portion thereof adjacent the in- 
tegrated circuit 11 and another portion that extends 
outward away from the integrated circuit in a man- 
ner similar to that of the electrical conductors 14. 
The thickness of, the ground plane 20 may be 
substantially the same as the thickness of the elec- 
trical conductors 14. However, the width of the 
isolated portions 21 of the ground plane 20 is 
considerably greater than the electrical conductors 
14 thereby providing a much lower electrical im- 
pedance than do the electrical conductors 14. 

The segmented ground plane 20 is electrically 
isolated from and maintained substantially in par- 
allel with the conductors 14 by means of an insulat- 
ing layer 16 which may comprise any suitable 
material such as polyimide. The insulating material 
has selectively placed vias 18 thereon which are 
filled or plated with an electrically conductive ma- 
terial 19 such as copper. Each end of the resulting 
copper conductor 19 on opposite sides of the in- 
sulator 16 is connected to selected ones of the 
isolated ground plane portions 21 and selected 
electrical conductors 14. This is done in accor- 
dance with any number of well known processes 
where pressure and/or temperature is applied to 
the conductors 14 and the ground plane 20 to 
create a good electrical connection between them 
and the conducting material 19 in the vias 18. An 
alternate method of connecting selected ground 
plane portions 21 to selected conductors 14 would 
be by using plated through hole techniques well 
known in the circuit board industry. 

For purposes of illustration only, the approxi- 
mate point of contact of the conductor 19 in the 
vias 18 with the ground plane portions 21 is shown 
by dots 22 on the ground plane portions 21 . As will 
be apparent to those skilled in the art, the dots 22 
do not physically exist on the ground plane 20 



isolated segments 21. _ 

Even though FIG. 1 shows the assembly in an 
exploded view, the ground plane 20, insulating ma- 
terial 16 and electrical conductors 14 form a thin 
5 laminate having a thickness determined by the 
thickness of the conductors 14, insulating material 
16, and ground plane 20 segments 21. Once con- 
nected to the conductors 14 by way of the pads 13 
the integrated circuit 11 can be protected by a 
,o suitable covering or coating in accordance with the 
package in which it is to be utilized. For example, 
the integrated circuit 11 and associated conductors 
14 and segmented ground plane 20 may be pack- 
aged in accordance with well known TAB, PGA, 
J5 plastic encapsulation or other techniques. When 
the integrated circuit 11 is plastic encapsulated, an 
option is to also completely enclose and encap- 
sulate the surrounding segmented ground plane 20 
and underlying electrical conductors 14. 
20 In accordance with the present invention the 
electrical conducting material 19 in the vias 18 can 
be utilized to electrically connect a ground plane 
segment at its portion adjacent the semiconductor 
die to an underlying electrical conductor 14. In a 
25 similar manner the end of the isolated ground 
plane 20 portion 21 removed from or remote from 
the integrated circuit 11 is coupled to the same 
conductor 14 thereby providing a path to the in- 
tegrated circuit 1 1 that includes the conductor 14 in 
so parallel with the ground plane segment 21 to which 
it is connected (See ground plane segment 21 B). 
Alternatively, the electrical conductor 14 may be 
discontinued intermediate the two vias 18 that con- 
nect it to the isolated ground plane 21 portion such 
as that the path to the integrated circuit 1 1 is made by 
way of the isolated ground plane portion 21 (See 
conductor 14A). In a like manner more than one, 
ie. a plurality of the conductors 14, may be con- 
nected to the same ground plane portion 21 when 
40 the current carrying capacity of a single conductor 
14 is insufficient to provide reliable connection to 
the ground plane portion 21 (See ground plane 
portion 21 A). Further, a ground plane portion 21 
can be connected at one or both ends thereof to an 
45 underlying conductor 14 by way of two or more 
vias 18 (See ground plane 21A). As will now be 
apparent, access to the integrated circuit 11 for 
operating potential and current, signals applied 
thereto, signals derived therefrom, etc. can be pro- 
50 vided by way of any combination of the conductors 
14 conductors 14 in parallel with isolated seg- 
ments 21 of the ground plane 20, or just various 
segments 21 of the ground plane 20. 

Reference to FIG. 2 shows connection to two 
55 pads 13 on the integrated circuit 1 1. One connec- 
tion to the integrated circuit 11 has the impedanc 
Z1 while the other connection to the integrated 
circuit has the impedance 22. If the connection to 
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the integrated circuit is by way of the conductors 
14 Z1 and Z2 will be a relatively high impedance. 
However, this impedance can be reduced signifi- 
cantly if connection to the integrated circuit 11 is 
made by way of one of the isolated ground plane 
20 portions 21. Accordingly, by applying operating 
potential or current 15 to the integrated circuit 11 
by way of the isolated ground plane portions 21, 
the impedance thereto is reduced substantially 
thereby reducing the resulting voltage drop 
thereacross and also decreasing switching noise 
caused by any variation in the operating current 15. 
Also, use of the ground plane portions 21 to pro- 
vide signals to the integrated circuit 11 and to 
derive signals from the integrated circuit 11 pro- 
vides low impedance paths for such signals. This is 
particularly important with regard to smart power 
devices wherein the output signal contains a sub- 
stantial amount of current. 

As is now apparent, the isolated ground plane 
portions 21 being selectively electrically connec- 
table to the electrical conductors 14 enable various 
combinations thereof to access or derive informa- 
tion or signals from the integrated circuit 11 by way 
of low impedance paths. In addition to providing 
low impedance to and from the integrated circuit 
11 the isolated ground plane portions 21 taken 
together constitute a ground plane 20 for the plural- 
ity of conductors 14. This reduces the cross cou- 
pling capacitance between the conductors 14 with 
a resulting reduction in the cross talk between the 
conductors 14 which carry signals to or from the 
integrated circuit 11. Alternatively, the portion of a 
ground plane 21 adjacent the integrated circuit 11 
may be connected directly to a pad 13 instead of 
by way of a conductor 14. 

Various changes and modifications of this in- 
vention as described will be apparent to those 
skilled in the art without departing from the spirit 
and scope of this invention as defined by the 
following claims. 



said electrically isolated portions (21) having an 
area thereof adjacent to said semiconductor device; 
at least one of said isolated ground plane portions 
(21) electrically coupled to at least one of said 
5 pads (13) to function as an electrical conductor to 
or from said semiconductor device. 

2. The assembly according to claim 1 wherein said 
ground plane portion conductors (21) have an im- 
pedance which is less than the impedance of any 

to of said plurality of conductors (14), 

3. The assembly according to claim 1 wherein said 
plurality of electrical conductors (14) and said 
ground plane portions (21) enable operating poten- 
tial and/or signals to be applied to said semicon- 

75 ductor device (11) and semiconductor device (11) 
output(s) to be derived therefrom. 

4. The assembly according to claim 1 further in- 
cluding an insulating material (16) located between 
said ground plane (20) and said plurality of conduc- 

20 tors (14) to provide electrical isolation and substan- 
tially uniform spacing therebetween. 

5. The assembly according to claim 4 wherein said 
ground plane (20) is substantially parallel to said 
plurality of conductors. 

25 6. The assembly according to claim 1 further in- 
cluding electrical connections between selected 
ones of said ground plane portions (21) and se- 
lected ones of said conductors (14) to electrically 
couple selected ones of said ground plane portions 

30 (21) to selected ones of said pads (13). 

7. The assembly according to claim 1 wherein 
operating potential (V) is applied to said semicon- 
ductor device (11) by way of said isolated ground 
plane portions (21). 

35 8. The assembly according to claim 1 wherein an 
output(s) from said semiconductor device (11) is 
derived therefrom by way of selected ones of said 
ground plane portions (21). 

40 



Claims 



1 . A muiticonductor ground plane assembly having: 45 
a semiconductor device (11) having a plurality of 
connecting pads (13) thereon to enable operation 
of said semiconductor device, 
a plurality of conductors (14) having one end adja- 
cent said semiconductor device (11) with said one so 
end adapted to be electrically coupled to at least 
one said pad (13), and 

a ground plane (20) located adjacent to and elec- 
trically isolated from said plurality of conductors 
(14) and functioning as a ground plane for said 55 
plurality of conductors (14), and characterized by 
the ground plane (20) including a plurality of elec- 
trically isolated portions (21) with at least some of 



4 



EP 0 431 205 A1 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 



EP 89 12 2307 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



EP-A-0312975 (HONEYWELL) 

* column 1, lines 26 - 50 * 

* column 2, line 44 - column 3, Hne 21 * 

* column 3 t line 47 - column 4, Hne 40 * 

w column 4, Hne 57 - column 5, Hne 46; figures 
1, 2, 5-7 * 

PATENT ABSTRACTS OF JAPAN 
vol. 11, no. 7 (E-469)(2454) 09 January 1987, 
4 JP-A-61 182247 (NIPPON TEl.EGR & TELEPH CORP) 
14 August 1986, 

* the whole document * 

W0-A-8908326 (HUGHES AIRCRAFT) 

* page 5. line 9 - page 6, line 21; figure 2 * 



The present search report has hcen drawn up for ail claims 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (Int. C1.5 ) 



1-8 



H01L23/498 
H01L23/50 



TECHNICAL FIELDS 
SEARCHED (Int. Ct.S ) 



H01L 



Place of wan* 

BERLIN 



Pal* of romptrilcm of thr varth 

11 JULY 1990 



Examiner 

LE M1NH. I 



CATEGORY OF CITED DOCI.'MENTS 

X : particularly relevant if taken alone 

Y : particularly relevant If combined with another 

document of the same category 
A : technological background 
0 ; non-written disclosure 
P : intermediate document 



I : theory or principle underlying the invention 
E : earlier patent documrot, but published on, or 

after the filing date 
I) : document cited In the application 
I. : document cited for other reasons 

k : member of the tame patent family, corresponding 
document 



